Compartment-Specific Importance of Ascorbate During Environmental Stress in Plants.
Ascorbate is an essential antioxidant in plants. Total contents and its redox state in organelles are crucial to fight and signal oxidative stress. Recent Advances: With quantitative immunoelectron microscopy and biochemical methods, highest ascorbate contents have recently been measured in peroxisomes (23 mM) and the cytosol (22 mM), lowest ones in vacuoles (2 mM), and intermediate concentrations (4-16 mM) in all other organelles. The accumulation of ascorbate in chloroplasts and peroxisomes is crucial for plant defense. Its depletion in chloroplasts, peroxisomes, and mitochondria during biotic stress leads to the accumulation of reactive oxygen species (ROS) and the development of chlorosis and necrosis. In the apoplast and vacuoles, ascorbate is the most important antioxidant for the detoxification of ROS. The cytosol acts as a hub for ascorbate metabolism as it reduces its oxidized forms that are produced in the cytosol or imported from other cell compartments. It is a sink for ascorbate that is produced in mitochondria, distributes ascorbate to all organelles, and uses ascorbate to detoxify ROS. As ascorbate and its redox state are involved in protein synthesis and modifications, it can be concluded that ascorbate in the cytosol senses oxidative stress and regulates plant growth, development, and defense. Future research should focus on (1) dissecting roles of ascorbate in vacuoles and the lumen of the endoplasmic reticulum, (2) identifying the physiological relevance of ascorbate transporters, and (3) correlating current data with changes in the subcellular distribution of related enzymes, ROS, and gene expression patterns.